Imaging of meniscus and ligament injuries of the knee. by Faruch-Bilfeld, Marie et al.
 
  
Open Archive TOULOUSE Archive Ouverte (OATAO) 
OATAO is an open access repository that collects the work of Toulouse researchers and
makes it freely available over the web where possible. 
This  is  an  author-deposited version  published  in  :  http://oatao.univ-toulouse.fr/
Eprints ID : 18547
To link to this article : DOI:10.1016/j.diii.2016.07.003 
URL : https://doi.org/10.1016/j.diii.2016.07.003 
To cite this version : Faruch-Bilfeld, Marie and Lapegue, Franck and
Chiavassa,  Hélène  and  Sans,  Nicolas  Imaging  of  meniscus  and
ligament  injuries  of  the  knee. (2016)  Diagnostic  and  Interventional
Imaging, vol. 97 (n° 7-8). pp. 749-765. ISSN 2211-5684 
Any correspondence concerning this service should be sent to the repository
administrator: staff-oatao@listes-diff.inp-toulouse.fr
Imaging of meniscus and ligament injuries 
of the knee
M. Faruch-Bilfeld, F. Lapegue, H. Chiavassa, N. Sans ∗
Imaging Department, Toulouse-Purpan University Hospital, Pierre-Paul-Riquet Building, place
du Dr-Baylac, TSA 40031, 31059 Toulouse cedex 9, France
KEYWORDS
MRI;
Knee;
Central pivot;
Meniscus;
Collateral ligaments
Abstract Magnetic resonance imaging has now an indisputable role for the diagnosis of menis-
cus and ligament injuries of the knee. Some technical advances have improved the diagnostic 
capabilities of magnetic resonance imaging so that diagnoses, which may change the therapeu-
tic approach, such as a partial tear of the anterior cruciate ligament or conﬁrmation of unstable 
meniscal injuries, are now made easier. This article describes the essential about magnetic res-
onance imaging technique and pathological results for the menisci, collateral ligaments and 
damage to the central pivot of the cruciate knee ligaments.Magnetic resonance imaging (MRI) has now an indisputable role for the diagnosis of
meniscus and ligament injuries of the knee. Some technical advances have improved
the diagnostic capabilities of MRI so that diagnoses, which may change the therapeu-
tic approach, such as a partial tear of the anterior cruciate ligament or conﬁrmation of
unstable meniscal injuries, are now made easier.
This article describes the essential about MRI technique and pathological results for
the menisci, collateral ligaments and damage to the central pivot of the cruciate knee
ligaments.MRI technique
As a general rule, MRI examination of the knee includes T1-weighted or PD (proton density)-
weighted sequences in the sagittal plane without fat saturation followed by PD images with
∗ Corresponding author.
E-mail address: sans.n@chu-toulouse.fr (N. Sans).
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are adjusted depending on the section settings used.
Figure 1. Normal MRI appearance of the medial meniscus. Pro-
ton density-weighted sagittal section: the anterior and posteriorat saturation in the 3 spatial planes. Although there is no
eﬁnitive consensus on the type of images in daily practice,
pin echo images with a short TE and particularly PD images
re the most widely used. Section thicknesses should not
xceed 4mm and the ﬁeld of view should be no more than
60mm. In recent years, there has been a growing interest
n single three-dimensional (3D) isotropic, millimeter voxel
mages, allowing high quality multiplanar reconstructions to
e obtained.
eniscus injury
pidemiology and clinical details
eniscus injury is one of the most common causes of consul-
ations for knee disorders. Of these, sports injuries are
he leading cause with an incidence of meniscal damage
n adults of approximately 9/1000 in men and 4.2/1000 in
omen [1]. Traumatic ﬁssures, which occur in a healthy
eniscus and in young people, are the most common lesions
68 to 75%), which can be distinguished from microtraumatic
ssures in a degenerative meniscus, which is constantly
ncreasing in incidence in ‘‘mature’’ older sportsmen and
omen [2,3].
Meniscal lesions cause various symptoms; the most com-
on ones are pain, locking, instability or an impression of
nternal disorganization [4]. Some meniscal lesions however
emain entirely asymptomatic and the treatment of a menis-
al injury is currently dominated by the concept of meniscal
paring in order to preserve the future of the joint cartilage.
unctional anatomy
he menisci are semilunar ﬁbro-cartilages, which are trian-
ular on section and are interpositioned between the tibial
ondyles and plateaux, considerably improving femoro-
ibial joint congruence and playing a fundamental role in
he kinetics of the knee [5,6].
The medial meniscus takes the form of an open ‘‘C’’
ormed by an anterior horn, a middle segment and a pos-
erior horn. The posterior horn is usually thicker than the
nterior one. The lateral meniscus is an ‘‘O’’ shaped struc-
ure with a relatively constant thickness on section.
The different meniscal horns are ﬁxed by meniscal frae-
iae onto the pre- and retrospinal surfaces [7]. The middle
egments are also ﬁxed by ligaments (menisco-femoral,
enisco-tibial and menisco-patellar). The posterior horn of
he lateral meniscus is ﬁxed to the medial femoral condyle
y the menisco-femoral ligaments of Humphrey and Wris-
erg and the anterior horns of the medial and lateral
eniscus meet anteriorly in the transverse intermeniscal
igament.
The vascularization of the menisci is vestigial and con-
ists of a perimeniscal capillary network supplied by the
ateral and medial geniculate arteries [8]. The peripheral
rea, which only represents 10 to 30% of the sectional sur-
ace area of the meniscus, is vascularized from the radial
rteries and is known as the ‘‘red area’’ [9]. The rest of the
eripheral area and the central area are avascular and rep-
esent the ‘‘white’’ area. The peripheral meniscal lesions,
hich occur in the red area, are therefore likely to heal
m
m
m
ohereas central meniscal areas occurring on the white area
sually require meniscectomy [5].
ormal and variant MRI appearances
n sagittal and frontal images, the normal meniscus takes
he shape of a triangle at hypointense signal. On the most
ateral sagittal images, the meniscus is a ‘‘bow tie knot’’
ike structure made up of the sagittal section of the middle
egment combining the anterior and posterior horns (Fig. 1).
It is useful to know certain anatomical variants as they
an mimic meniscal ﬁssures:
on sagittal sections, the transition between the transverse
ligament and the anterior;
the popliteal tendon sheath;
the menisco-femoral ligaments of Humphrey and Wrisberg
which unite the posterior horn of the lateral meniscus to
the medial femoral condyle;
the oblique menisco-meniscal ligament which occasion-
ally connects the anterior horn of a meniscus to the
posterior horn of the opposite meniscus and may mimic
a migrated meniscal ﬁssure or a bucket handle [10];
the discoid meniscus which is a rare congenital malfor-
mation of the meniscus. This meniscal dysplasia almost
exclusively affects the lateral meniscus. Its ‘‘academic’’
diagnosis on MRI is based on seeing continuity of the ante-
rior and posterior horns on sagittal images [11] in at least
3 contiguous 5mm thick sections (Fig. 2). These ﬁndingseniscal horns appear as a homogeneous, hypointense triangle. The
eniscus is bow tie shaped and constructed by the section of the
edian segment at the center connecting the anterior horn in front
f the posterior horn behind it.
Figure 2. Discoid lateral meniscus. Sagittal T1-weighted images. Continuity of the anterior and posterior horns over 3 contiguous 5mm
ﬁxed sections. Note the myxoid degeneration of the anterior horn in this discoid meniscus.
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It is usual practice to basically distinguish traumatic menis-
cal ﬁssures from degenerative meniscal ﬁssures. Traumatic
lesions are due to the application of excessive mechani-
cal forces onto a healthy meniscus [12]. In young people,
the ﬁssure usually occurs from an indirect valgus injury
with external rotation of the tibia with the knee ﬂexed
at 20◦ or after hyperﬂexion followed by sudden elevation.
Conversely, degenerative lesions occur as a result of nor-
mal mechanical forces applied to a meniscus damaged by
interstitial myxoid degeneration [2]. Horizontal meniscal ﬁs-
sures may develop spontaneously or may be caused by minor
injury.
Classiﬁcation
Depending on the direction of the cleavage plane, ﬁssures
can be classiﬁed as horizontal, vertical or complex [5].
Horizontal ﬁssures have a cleavage plane parallel to the
tibial plateau and separate the meniscus into a superior frag-
ment and an inferior fragment. These horizontal lesions are
ubiquitous in distinguishingly affecting the medial or lateral
meniscus and are deemed to be stable although fragments,
which have migrated into recesses, have been described fol-
lowing damage to the middle sector of the medial meniscus
[13,14].
Vertical ﬁssures are perpendicular to the tibial plane
and follow the circumferences of the meniscus. These more
commonly affect the medial meniscus. Complete injuries
are considered to be unstable and divide the meniscus
into a medial segment and a lateral segment. The ﬁs-
sured medical segment may migrate into the intercondylar
notch and produce the classic ‘‘bucket handle’’ appearance
[15,16].
Radial ﬁssures are perpendicular to the periphery of the
meniscus and usually affect the free edge of the meniscus.
Oblique (‘‘parrot-beak’’) ﬁssures are mixed verti-
cal lesions involving a longitudinal component and
a radial component extending circularly in the free
edge [6].
Finally, there are complex meniscal lesions which do not
have any deﬁned description and which involve several hor-
izontal and vertical ﬁssures. aRI appearance of meniscal injuries
eniscal ﬁssures
toller et al. proposed to classify meniscal ﬁssures into 3
rades (Fig. 3) [17]:
grade 1: hyperintense nodular meniscus with preservation
of the meniscal surfaces;
grade 2: hyperintense linear meniscus with preservation
of the meniscal surfaces;
grade 3: hyperintense extending to one of the joint sur-
faces of the meniscus.
Whilst the distinction between grades 2 and 3 is fun-
amental as it distinguishes a degenerative intrameniscal
yperintensity (Fig. 4) from a true ﬁssure. This distinction
etween a degenerative meniscus and a ﬁssured meniscus is
ot always very straightforward and there are many sources
f error due to additional or missing appearances [6].
MRI offers excellent performance with sensitivity and
peciﬁcity between 90% and 95% [18]. On MRI, meniscal
ssures present as an intermediary linear hypointensity
xtending to one of the joint surfaces of the meniscus
Stoller grade 3), or as purely morphological abnormalities
6].
Some semiological difﬁculties exist particularly a high
isk of false positive ﬁndings when the ﬁssure is only visible
n a single section [3]. It is recommended that a linear intra-
eniscal hyperintensity be considered to be pathological if
t obviously affects the meniscal surface, i.e. on at least
wo contiguous sections. This concept should be adapted
epending on the image acquisition technique used (3 to
mm sections or obtaining a 3D volume with isotropic mil-
imeter sections).
In view of their orientation, radial meniscal ﬁssures are
ccasionally more difﬁcult to diagnose [19]. These result
ostly in morphological abnormalities:
interruption or amputation of the free edge on frontal
images;
discontinuity or truncated appearance of the meniscal
bow tie on sagittal images (Fig. 5);
absent or ‘‘ghost’’ meniscus with a complete radial ﬁs-
sure.
Meniscal ruptures with a bucket handle complicate
pproximately 10% of vertebral ﬁssures with longitudinal
Figure 3. Stoller grades. a: grade 1: one or more intermediary nodular hyperintense sites respecting the joint surfaces of the meniscus;
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o: grade 2: linear intermediary hyperintensity respecting the joint
xtending to one of the joint surfaces of the meniscus.
xtension [14,15]. In this case, MRI offers a sensitivity of
round 70% depending on the diagnostic criteria used.
The most constant ﬁnding is the direct visualization of the
igrated fragment in the intercondylar area: the ‘‘double
osterior cruciate ligament (PCL)’’ sign is pathognomonic
nd present when the medial meniscus is damaged and the
nterior cruciate ligament is intact [16]. The dislocated
ragment appears as an arch-shaped hypointense band par-
llel to the normal posterior cruciate ligament, producing
‘‘double PCL’’ appearance (Fig. 6). An excessively large
nterior horn a ‘‘megahorn’’ (over 6mm in size) may also
igure 4. Degenerative appearance of the meniscus. Sagittal pro-
on density view with fat saturation. A hyperintense area without
ny true-ﬁssured linear image is seen.
igure 5. Radial ﬁssure of the anterior segment of the medial
eniscus in a sagittal proton density-weighted view. Medial menis-
us amputating the normal appearance of the bow tie (arrow).
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aces of the meniscus; c: grade 3: linear intermediary hyperintensity
eﬂect the presence of a bucket handle (Fig. 7). In this case,
he dislocated meniscal fragment adheres to the healthy
nterior horn.
Other MRI signs have been validated such as the absent
ow tie knot, the ﬂipped meniscus sign or directly visualizing
he meniscal fragment displaced into the intercondylar area
n millimeter frontal images (Fig. 8) or axial images.
Another formal sign of meniscal instability is identiﬁca-
ion of peripheral displacement of the meniscal fragment
nto the femoro-meniscal recess or femoro-tibial recess
13,14]. These displacements almost exclusively involve the
edical meniscus and are a complication in 10% of cases
f some horizontal ﬁssures. Coronal and transverse sections
re the best to identify these fragments [14].
igure 6. Bucket handle appearance of the medial meniscus with
‘double PCL’’ sign. Sagittal PD-weighted view with fat suppression:
he dislocated meniscal fragment (arrow) is located beneath the
ormal PCL (arrowhead) and forms a pathognomonic ‘‘double PCL’’
ppearance.
Figure 7. Appearances of anterior megahorn. Sagittal proton
density-weighted view. The dislocated fragment anterior (arrow-
Figure 9. Meniscal contusion. Frontal proton density-weighted
view after fat suppression. The meniscal contusion is seen as an
overall hyperintense appearance of the meniscus. Note also a sub-
chead) attaches to the anterior meniscal horn (arrow). Note that the
posterior horn is not visualized (*).
Meniscal contusions
Meniscal contusions usually occur as a result of a ﬂexion
injury with compression of the posterior horn of the medial
meniscus between the condyle and the tibia (Fig. 9). MRI
shows a diffuse intrameniscal hyperintensity, which may
mimic a ﬁssure [20]. The presence of a concomitant sub-
chondral bone contusion generally distinguishes meniscal
contusions from true ﬁssures.
Figure 8. Dislocated bucket handle in the notch. Frontal PD-
weighted view after fat suppression. The dislocated meniscal
fragment (arrow) is located in contact with the ACL (arrowhead).
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Thondral contusion of the tibial plateau and an intra-articular
ffusion.
eniscal detachments
eniscal detachments occur as a result of a violent valgus
njury and are due to rupture of the capsular attachments
f the meniscus. These tend mostly to affect the posterior
orn of the medial meniscus adherent to the joint capsule
hrough a capsule thickening (posterior oblique ligament).
They result in a 5mm superior meniscal shift from the
osterior edge of the tibial plate on sagittal images (Fig. 10)
r liquid interpositioned between the base of the meniscus
nd the plane of the capsule.
he ﬂoating meniscus
his also occurs as the result of a violent injury and is due
o rupture of the menisco-tibial ligament and detachment of
he medial segment of the meniscus. On MRI, the detached
eniscus is completely surrounded by ﬂuid and appears to
‘ﬂoat’’ on the tibial plateau (Fig. 11) [21].
he post-surgical meniscus
ecurrent post-meniscectomy pain raises a number of diag-
ostic difﬁculties: repeated ﬁssure, post-meniscectomy,
hondrolysis, subchondral necrosis or algodystrophy. MRI
ften fails to detect recurrent ﬁssures as meniscal resection
eaves an intermediary hyperintensity ‘‘falsely’’ communi-
ating with the meniscal surface [22,23]. The only ﬁnding
o be recognized as pathological and interpreted as a
ecurrent ﬁssure is a liquid intrameniscal hyperintensity on
2-weighted images. These limitations of simple MRI alone
Figure 10. Detachment of the posterior horn of the meniscus.
Sagittal proton density view. The detached meniscus is displaced
forwards. A large hyperintense (*) area is present between the base
of the meniscus and the posterior capsule (arrowhead).
Figure 11. Floating meniscus. Frontal proton density view with
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larly between its inferior surface and the tibial plateau (arrows).
ave driven some authors to propose using MRI arthroscopy
lthough here again the results are inconsistent [24—26].
athology of the central pivot and
ollateral ligaments
natomy of the ligament structures of the
neehe anterior cruciate ligament
he anterior cruciate ligament (ACL) is the ligament, which
tabilizes the knee in the antero-posterior plane. It stretches
a
s
krom the posterior part of the medial aspect of the lateral
ondyle to the prespinal surface of the tibial plateau and in
xtension lies parallel to the intercondylar line. The ACL is
ifascicular: the antero-medial (AM) bundle is held in ﬂexion
nd its role is to stabilize the knee in antero-posterior trans-
ation. This is the bundle which when ruptured cause the
nterior drawer on clinical examination. The postero-lateral
PL) bundle becomes stretched in near complete extension.
t has a stabilization role with rotatory forces. Rupture is
ore likely to produce a positive pivot tests and a positive
achman test [27,28].
he posterior cruciate ligament
he posterior cruciate ligament (PCL) is thicker and extends
rom the anterior aspect of the lateral surface of the medial
emoral condyle to the retrospinal surface. It is both extra-
apsular and extra-synovial and is orientated strictly along a
agittal plane. It is occasionally accompanied in its path by
he menisco-femoral ligaments of Wrisberg and Humphrey,
hich may give it a focal nodular or doubled appearance on
agittal images.
he medial collateral ligament
he medial collateral ligament (MCL) is wide and ﬂat and is
ormed from two, superﬁcial and deep planes, separated by
n intermediary layer made up of adipose tissue and a serous
ursa. The superﬁcial plane inserts into the medial femoral
picondyle and adheres to the superﬁcial part of the medial
eniscus and the joint capsule. The deep plane is made up
f a menisco-tibial ligament and a femoro-meniscal ligament
nd adheres closely to the capsule. The bursa and anterior
endon of the semimembranosus muscle pass between these
wo bundles.
he lateral collateral ligament
he lateral collateral ligament (LCL) forms an oblique thick
and inferiorly and anteriorly holding the tuberosity of the
ateral condyle onto the head of the ﬁbula. The LCL has a
bular insertion, which is common with the femoral biceps
endon and does not adhere to the joint capsule because of
nterposition of the popliteal muscle tendon.
he postero-lateral angle point
he postero-lateral angle point consists of multiple anatom-
cal structures [29], which are interconnected to a greater or
esser extent, and plays a fundamental role in the stability.
t comprises the lateral head of the gastrocnemius muscle,
he poster-lateral part of the anterior capsule, the posterior
orn of the lateral meniscus, the popliteal muscle and ten-
on (intra-articular but extra-synovial), the popliteo-ﬁbular
igaments arcuate and fabelloﬁbular ligaments, which are
ot constant ﬁndings and the iliotibial tract. Further away,
he collateral ﬁbular ligament (lateral collateral ligament)
nd tendon of the femoral biceps also form part of the
tructures contributing to the postero-lateral stability of the
nee.
Normal MRI imaging of knee ligament
structures
The anterior cruciate ligament
On MRI, the ACL often appears tortuous and is frequently
visible on only one or two strict sagittal sections (Fig. 12).
Fibers from the two antero-medial and postero-lateral bun-
dles are better seen on coronal sections and in particular
on ﬁne axial sections perpendicular to the axis of the ACL.
The overall signal is intermediate and striated and is due
to the orientation of the different ﬁber contingents, which
roll around each other in a spiral and may raise diagnostic
difﬁculties in cases of partial rupture. In this situation, the
continuity of the two bundles should be examined on coronal
and transverse views, where in theory they can be clearly
distinguished (Fig. 13).
The posterior cruciate ligament
The posterior cruciate ligament is thick and directed along
a strict sagittal plane. Its MRI appearances are of a homoge-
neous hypointensity regardless of the image sequence used
(Fig. 14). In the area where it crosses the menisco-femoral
ligaments of Wrisberg and Humphrey, it takes on a local-
ized nodular appearance and occasionally displays a local
hyperintensity due to a magic angle artefact.
The lateral ligaments
These are hypointense on all images. The different layers
of the tibial collateral ligament are segmented by hyperin-
tense bands representing the synovial and fatty interfaces
(Fig. 15).
Figure 12. Anterior cruciate ligament: normal proton density
sagittal MRI view: relatively tortuous appearance of a ligament and
no intra-articular effusion.
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roton density frontal view with fat saturation. The two ligament
heets are seen (arrows).
athological MRI appearances of knee
igament structures
he anterior cruciate ligament
cute rupture
ccording to professional guidelines, MRI investigation of
he anterior cruciate ligament is reserved for equivocal
igure 14. Posterior cruciate ligament: normal appearance. MRI:
roton density-weighted sagittal view. The PCL appears hypointense
nd homogeneous.
Figure 15. Medial collateral ligament: normal appearance. a: MRI: proton density-weighted frontal view with fat saturation: the collateral
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oigament is regular, thin and hypointense (arrows); b: depending o
nterface between the two ligament layers (arrow).
iagnoses or inconsistencies with the clinical examination,
hich may be difﬁcult in the acute stage because of a
emarthrosis and muscle contracture. MRI can also be used
o investigate for the frequently concomitant bone or menis-
al injuries.
The rupture may be diffuse or local and is usually at the
oint of the proximal insertion, occasionally it occurs in the
ain body. Continuity between the two bundles of ACL ﬁbers
hould be examined particularly in a coronal plane or per-
endicular axial plane to conﬁrm integrity of the ligament
nd identify any partial ruptures present [30]. In the acute
tage, a local hyperintensity due to edema and hematoma,
hich is modest on T1-weighted and PD-weighted images
nd more intense on T2-weighted images is seen (Fig. 16).
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igure 16. Complete rupture of the anterior cruciate ligament. MRI:
iew (c). Acute ACL injury causing severe edema of the ligament, which
n proton density images with fat saturation (arrows).section, a hyperintense band is seen which represents the fatty
his hyperintensity should not be confused with two dif-
erent entities: an effusion in contact with the ligament
ppearing as a marked hyperintensity on T2-weighed images
nd mucoid degeneration [31,32] in which the tendon cir-
umference is increased but tendon ﬁbers are poorly deﬁned
nd appears as a hyperintensity on both T1- and T2-weighted
mages.
Rarely, a ruptured ACL may become incarcerated ante-
ior to the intercondylar notch then causing a ﬂexion knee
eformity and the appearance of a nodular mass interposi-
ioned between the lateral femoral condyle or the tibia or a
ongue with a free edge in front of the notch on MRI (Fig. 17)
33]. MRI has a diagnostic accuracy of 90% in this situation
34].
T1-weighted sagittal views (a), PD fat-sat (b) and PD fat-sat axial
is hypointense on T1-weighted imaging and obviously hyperintense
Figure 17. Nodular mass interpositioned between the lateral
Figure 18. Bone contusion associated with an anterior cruciate
ligament injury. MRI: PD-weighted frontal view with fat saturation.
Contusion of the external tibial plateau appearing as an edema-
tous hyperintensity (*) typically associated with a rupture of the
anterior cruciate ligament. Note the abnormal hyperintensity of the
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a local part of one of the two bundles;
• grade 3: complete injury to one of the two bundles.femoral condyle and the tibia, reﬂecting incarceration of the rup-
tured ACL anterior to the intercondylar notch.
Indirect signs of rupture
Many secondary signs of rupture of the anterior cruciate
ligament have been described [35]. Overall, these are not
particularly sensitive but are often very speciﬁc and may
help to increase diagnostic conﬁdence in difﬁcult cases.
The main secondary signs of injury to the anterior cruci-
ate ligament described in the literature are:
• abnormalities of ACL orientation [36,37] with an angle of
under 45◦ from the tibial plateau and over 15◦ from the
intercondylar line of Blumensaat;
• the presence of a bone contusion (Fig. 18) or an osteo-
chondral fracture. This particularly involves the lateral
tibial plateau [35—39]. This sign however is transient and
is reduced particularly after 9weeks following the initial
impact [40];
• a loose curvilinear appearance of the PCL which is an
indirect sign of the anterior drawer [37];
• the presence of a deep scalloping on the lateral femoral
condyle [41];
• posterior displacement of the lateral meniscus by more
than 3.5mm [35] combined with the ‘‘non-recovery’’ sign
(a vertical line passing through the posterior edge of the
tibial plateau should not cross the meniscus) [40];
• the presence of an anterior drawer of at least 5mm mea-
sured from the vertical axis passing through the posterior
edge of the lateral tibial plateau [35,40,42];
• vertical shift of the lateral collateral ligament [43].
Partial rupture
The clinical picture is often identical to that of complete
rupture although the extent of laxity is often difﬁcult to
interpret in the acute phase. The treatment option is often
orthopaedic which usually enables healing and satisfactory
stability. Figament in the notch (arrow).
The diagnosis may be difﬁcult with MRI [47]: poorly
eﬁned local edema can be seen with persisting extended
ectilinear ﬁbers seen on at least one image. Frontal and
ransverse sections should reveal the two ligament bun-
les to the point of their insertion (Fig. 19). Additional
D-weighted images obtained with 2-mm section thickness
entered on the notch in a plane perpendicular to the lig-
ment (double oblique axial plane) with the knee in 20◦
exion (Fig. 20) potentiates the investigation by individually
isualizing the antero-medial bundle of the postero-lateral
undle of the ligament [28]. It also allows partial ruptures
o be quantiﬁed into one of 3 grades:
grade 1: minimal lesion where only a non-liquid hyperin-
tensity if present in one of the bundles;
grade 2: 50% or less injury with liquid hyperintensities inigure 19. Frontal MRI views show the two ligament bundles.
Figure 20. Partial anterior cruciate ligament lesion. Thin oblique
axial proton density-weighted section perpendicular to the axis of
the ACL: the postero-lateral (arrow) and antero-medial (arrowhead)
bundles are seen individually. One appears signiﬁcantly hyperin-
t
C
I
t
ﬁ
i
b
n
a
t
t
a
p
o
f
b
t
O
A
t
o
t
T
c
c
i
a
L
(
A
t
u
t
o
o
a
w
h
a
a
r
p
r
a
w
t
m
o
o
i
periligament scarring reactions.
Secondary signs may remove diagnostic uncertainties,
F
f
iense indicating partial damage.
hronic rupture
n the chronic stage, the distal end is no longer vascularized,
he edema disappears gradually [44], the residual ligament
bers atrophy and the ACL remains retracted.
Typically, a discontinuous ACL is seen which is variable
n thickness without edema [45,46]. The ACL may also not
e visible with no clear scarring reaction. The intercondylar
otch then appears as a blank signal. However, this appear-
nce is characteristic but rarelt observed.
The ACL fragment may also become abnormally orien-
ated and horizontal becoming positioned as a ‘‘feeder’’ to
he PCL and using the PCL vascularization. Atrophy is partial
nd the clinical instability is often far less severe.
The presence and angular orientation of a residual scar
roduces an irregular thickening appearance [46] and on
ccasion even replaces the ACL in its cavity giving it a
alsely normal appearance. The diagnosis is then impossi-
le to make and the many secondary signs have to be used
o assist with the diagnosis.
s
a
igure 21. Cyst of the tent of the cruciate ligaments. MRI: T1-weighte
at saturation. Cystic formation (arrow) coming into contact with a cruci
t is contiguous with the cyst.ther diseases
local pathological hyperintensity mimicking partial rup-
ure of the ACL may be seen in mucoid degeneration or a cyst
f the tent of the cruciate ligaments (Fig. 21). The causes of
hese cysts are unknown and they are often symptomatic.
hey are ﬁlled with a mucinous ﬂuid and the anterior cru-
iate ligament becomes difﬁcult to visualize between the
ystic formations seen as a hyperintensity on T2-weighted
maging with a multiloculated or fusiform outline extending
long the anterior or PCL.
esions to the posterior cruciate ligament
PCL) and postero-lateral angle point
s the posterior cruciate ligament is thicker and more resis-
ant than the ACL, ruptures of this ligament are rarer. They
sually occur through the whole body or at the tibial inser-
ion and may then be accompanied by avulsion of bone not
nly from the PCL attachments but also from other insertions
f the postero-lateral angle point.
The rupture of the PCL (Figs. 22 and 23) results in an
bnormal hyperintensity of T2-weighted images combined
ith a discontinuous appearance of the ﬁbers [48,49]. This
yperintensity may be only very slight and a ‘‘grey’’ lig-
ment appearance should in itself be a warning sign. In
ddition, a ‘‘distended’’ appearance of the PCL should be
eported as this often represents a biomechanically incom-
etent ligament and therefore the equivalent of complete
upture. In isolated rupture of the PCL (which is positioned
natomically outside of the joint), no effusion occurs.
The main diagnostic pitfalls are mucoid degeneration,
hich appears as a local hyperintensity at the condylar inser-
ion or a hyperintensity of its angulated portion causing a
agic angle artefact [34]. In partial rupture, a few continu-
us ﬁbers remain visible and in more chronic stages rupture
f the PCL results in a preserved or moderately increased
mage signal, variations in thickness, a distended path anduch as anterior dislocation of the edema or bone edema
t the tibial insertion point of the ligament. In addition,
d sagittal (a), frontal (b) and sagittal (c) proton density views with
ate ligament. The ACL is hyperintense (*) and poorly delineated as
Figure 22. Partial posterior cruciate ligament lesion (grade 1).
Intra-articular ligament plasties
Several techniques are used depending on the injury and
surgeons’ practices: an autologous patellar tendon intra-
articular graft (the Kenneth—Jones technique) or plasty with
an autologous tendon graft (gracilis and semitendinosus or
the semitendinosus alone). Reconstruction techniques using
a double bundle for reconstruction of the anterior cruciate
ligament have developed more recently in order to preserve
the dual function of the ligament [54].
Normal postoperative appearances
Despite the artefacts caused by metal materials, plasty gen-
erally produces a weak homogeneous signal on MRI from two
weeks after surgery [55,56], which shows no enhancement
after intravenous administration of a gadolinium chelate
(Fig. 24). During the ﬁrst year, a transient increase in
signal intensity is seen on T1-weighted and PD-weighted
image signal due to revascularization and synovial prolif-
eration [57]. After 12months, the ligamentoplasty becomes
homogeneous, and hypointense. Periarticular morphological
and image signal abnormalities from the graft harvest sites
(patellar tendon or pes anserinus tendon depending on the
case) are always seen during the ﬁrst year. Tunnelling in par-
ticular causes bone change due to scarring around the graft,
which may last long term for up to approximately a year.
Resorbable polyglycolic acid screws disappear over 6months
to a year and replaced by fatty or ﬁbrous tissue [58].
Pathological appearances of ACL ligament
plastiesMRI: proton density-weighted coronal view show only edema of the
proximal insertion of the PCL with no loss of ﬁber continuity.
images recorded at 30◦ ﬂexion in which the PCL is tense can
be used to make a diagnosis in the most difﬁcult cases.
Finally, damage to the different structures of the postero-
lateral angle point should always be looked for. These
generally result in widening and a hyperintensity of the
anatomical structure concerned. Surgery should be consid-
ered to treat these injuries [50—53] in order to achieve
optimal results.
Figure 23. Complete rupture of the posterior cruciate ligament.
MRI: proton density sagittal view with fat saturation: the image is
hyperintense and it is no longer possible to distinguish visible ﬁbers
(arrow).
MRI is indicated for recurrent instability, pain, restriction
in joint movement or if a further injury occurs. Although
a plasty hyperintensity may be physiological during the
ﬁrst year postoperatively, it should be considered to be
Figure 24. Normal ﬁndings after ligamenoplasty. On fat-
suppressed Rhô weighted view, the plasty is homogeneous and
hypointense.
pathological beyond this time and usually represents either
impingement in the notch due to a repeated rupture
(Fig. 25). The diagnosis of partial plasty rupture is difﬁcult
and requires a few residual ﬁbers to be visualized. As in
the case of partial rupture of the native ligament, the same
indirect signs may help reach the diagnosis [59].
Periligament scarring reactions shows enhancement after
intravenous administration of a gadolinium chelate and are
frequently seen on follow-up MRI after ligamentoplasty.
More rarely, reduced mobility is found when lesions of joint
ﬁbrosis contain excessive scarring. This classical ‘‘Cyclops
syndrome’’ consists of a nucleus of ﬁbrosis located in front of
Figure 25. Rupture of a ligamentoplasty. T1-weighted sagittal
MRI view: complete disappearance of the plasty ﬁbers (arrow) indi-
cating that it has ruptured. Interference screw (arrow) not hindering
the interpretation.
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Figure 26. Cyclops syndrome. MRI: T2-weighted sagittal view (a) and
base of the anterior surface of the graft (arrows). The ‘‘notch plasty’’
path of which is bayonet-shaped. The image is only partially affected byhe base of the plasty at the level of the intercondylar notch
ausing a residual ﬂexion deformity (Fig. 26). MRI shows a
brous hypointense nodule on all images with peripheral
nhancement
Cystic graft degeneration (Fig. 27) is rare and should be
uspected from a combination of pain and reduced joint
mplitude.
amage to collateral structure
he diagnosis of isolated damage is clinical although ultra-
ound is often performed. The MRI appearances of these
igament lesions should however be understood as they very
ften accompany damage to the central pivot, menisci or
raumatic or osteochondral lesions.
edial collateral ligament
hree grades of injury may be distinguished during the acute
hase [60,61]:
grade 1 is a benign sprain: periligament hyperintense
areas are seen with no ﬁber discontinuity (Fig. 28);
grade 2 is a moderate strain: MRI shows partial disconti-
nuity of the medial collateral ligament ﬁbers (Fig. 29);
grade 3 is a severe sprain when complete ligament rupture
is present (Fig. 30): dysjunction of the capsule and menis-
cus is conﬁrmed if liquid has entered between the base
of the meniscus and plane of the ligament which appears
as an obvious hyperintensity on T2-weighted images not
disappearing with fat saturation.
In the more chronic stage, the ligament appears thick-
ned and is homogeneously hypointense representing its
brous scarring.
The differential diagnoses are damages to other medial
tructures of the knee: the pes anserinus or semitendinosus,
astus medialis, femoral quadriceps or medial gastrocne-
eous tendons.
axial view (b). A large ﬁbrotic hypointense nodule is present at the
appears inadequate creating impingement between the plasty the
artefact due to the presence of a nearby metal interference screw.
Figure 28. Grade 1 rupture of the medial collateral ligament.
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(Figure 27. Ballooning of the anterior cruciate ligamentoplasty.
Lateral collateral ligament
Damage to the ﬁbular collateral ligament is less common
and never occurs in isolation [62]. Radiologists should look
for damage to the postero-lateral angle point combined
with injuries of the popliteal tendon arcuate ligament (the
postero-lateral reinforcement of the joint capsule), the
ACL and PCL (Fig. 31). Rupture of the collateral ﬁbular
ligament usually occurs in the main body of the liga-
ment or in its distal insertion and is usually complete.
The small size of this ligament makes diagnosis of partial
rupture practically impossible. Subchondral contusions or
fractures to the medial compartment should be noted as
s
h
o
t
Figure 29. Grade 2 rupture of the medial collateral ligament. MRI: T1
(b and c). Acute rupture of the distal insertion of a few of the medial coroton density-weighted frontal view with fat suppression shows
eriligamentous edema.
hould damage to the iliotibial band or the tendon of the
emoral biceps. These complex lesions are a surgical semi-
mergency which otherwise carry a major risk of residual
nstability.
The differential diagnoses to consider are damage to
he patellar retinaculum (Fig. 32), isolated rupture of the
opliteal tendon (very rare) or the iliotibial band syndrome
particularly in runners or cyclists). In the last of these
ituations, MRI (Fig. 33) shows a poorly deﬁned T1-weighted
ypointensity and hyperintense edema around the tendon
n T2-weighted imaging with fat saturation which his easy
o identify on axial sections [63,64].
-weighted coronal and axial views (a) and fat-suppressed Rhô view
llateral ligament ﬁbers.
Figure 30. Grade 3 rupture of the medial collateral ligament.
Fat-suppressed proton density-weighted frontal view. Acute rupture
of the proximal insertion of the tibial collateral ligament ﬁbers.
Figure 32. Rupture of the lateral retinaculum. MRI: T1-weighted
sagittal view. The retinaculum is completely ruptured and displays
severe thickening from scarring.
Figure 31. Lesion of the postero-lateral angle point. MRI: sagittal (a
rupture of the lateral collateral ligament, damage to the popliteal tend
cruciate ligaments.), frontal (b) and axial (c) Rhô views: complex lesion combining a
on and arcuate ligament and rupture of the anterior and posterior
ions: the iliotibial band is thickened (arrows) and contains hyperintense
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[Figure 33. Iliotibial band lesion. MRI: frontal (a) and axial (b) sect
edema around the image.
Conclusion
Imaging investigations for meniscus and ligament injuries
of the knee mostly involve MRI. A rigorous technique can
diagnose all of the lesions, and particularly those liable
to change treatment (particularly unstable meniscal lesions
and partial rupture of the anterior cruciate ligament).
Take home messages
• MRI has become one of the best performing
techniques for the diagnosis of meniscus and
ligament injuries to the knee.
• MRI allows identify unstable meniscal lesions.
• Speciﬁc image acquisition planes (ﬁne axial oblique
proton density section obtained perpendicular to
the axis of the ACL) can improve the diagnostic
performance of MRI in partial ruptures of the anterior
cruciate ligament.
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